Abstract : Kepulauan Bangka Belitung, Indonesia is one of the tin mineral-producer in the world.
Introduction
Kepulauan Bangka Belitung, Indonesia is one of the tin mineral-producers in the world (Weber, 2003) with production of 95,200 ton (USGS, 2015) since Kepulauan Bangka Belitung laid under Southeast Asia Tin Belt (Cobbing, 2005) . This industry had huge impacts on economic and social life of the communities (Masialeti and Kinabo, 2005; Onwuka et al., 2013; Nurtjahja and Agustina, 2015) . Besides, it had also impact on the environment (Adewole and Adesina, 2011; Reynolds and Reddy, 2012; Ndace and Danladi, 2012; Narendra and Pratiwi, 2016) . One of the impacts of tin-mining activities is the change of landscape (Sheoran et al., 2010; Nurtjahja and Agustina, 2015) . Lands abandoned after tinmining activity are degraded lands with undulating landscape (Asmarhansyah, 2016a) and low soil fertility status (Inonu, 2011; Asmarhansyah, 2016b) , and land productivity (Gao and Liu, 2010) .Soil texture of tailings generated due to former-tin mining activities are dominated by sandy texture (Setiadi, 2002; Ashraf et al., 2010; Ashraf et al., 2013; Nurcholish et al., 2013) and it caused soil properties ofthe tailings are very bad as a growth media. Tailings have a high portion of sand, low clay content, low soil pH, low organic matter content, low cation exchange capacity (CEC), low water-holding capacity, and very low essential macro elements (Nurtjahja et al., 2009; Budianta et al., 2013; Asmarhansyah, 2016a) . As reported by previous researchers, it is said that former-tin mining lands have poor physical and chemical properties. Inonu (2011) and Asmarhansyah (2016b) stated that former-tin mining areas were dominated by sandy texture and low nutrient content. Mine reclamation programs commonly use only a single, exotic, fast-growing species, especially Acacia mangium and Falcataria moluccana (Kodir et al., 2017) . However, agricultural crops could be a wise option for the reclamation of these areas since former-tin mining lands have a high potency to be used as agricultural lands. Studies into the application of various types of organic materials to ameliorate tin-tailings and trials on the suitability of various types of legumes have been carried out (Inonu, 2011) . The environmental impact of the activities needs to be addressed with technologies which are economically viable and environmentally sound (Suhartini and Abubakar, 2017) . It means that through the improvement the soil properties, the former-tin mining areas have a potency to be used as crop production areas. Land use of abandoned tin-mining areas for agriculture use must determine land characteristic/quality and climate, through land suitability evaluation. Ritung et al. (2007) stated that determination of post mining land use should be considering the physical land properties, topography properties, and climate. This study was aimed to evaluate of the land/soil characteristics of abandoned tin-mining areas and to establish land suitability of the land area for agriculture used to formulate appropriate land development measures and amelioration strategies forutilization of minedareasfor crop production.
Materials and Methods

Time and place of study
The research was conducted in abandoned-tin mining areas, where small-scale and large-scale mines were operating. Site visits and soil characterization were done in April-May 2015.
Assessment the land use of the study areas and their requirement and limitation
As observed in the field, the abandoned tinmining areas have high potentials to be developed as agricultural areas. The requirements and limitations for growth of various crops were obtained from literatures such as Sys et al. (1993) and Indonesian Center for Agricultural Land Resources Research and Development (2011) .
Determining types of abandoned tin-mining areas and land quality
Based on field observation, the types of abandoned tin-mining areas assessed were (1) Sand tailing, (2) Sand tailing with vegetation, (3) Mixture of sand tailing and overburden, (4) Mixture of sand tailing and overburden with vegetation, (5) Sand tailing from unconventional mining, and (6) Overburden from unconventional mining. The agricultural land was taken as comparison. Land characteristics developed were based on climatic, soil, and topographic data. Soil samples taken from the soil profiles were sent to Indonesian Soil Research Institute in Bogor, Indonesia for analyses.
Comparison of land use and land quality requirements
The land evaluation was conducted by comparing the land characteristics in every type of abandoned tin-mining areas with its crop requirements. The land suitability classifications were defined based on their most serious limiting factors which may consist of one or more factors depending on land characteristics.
Land suitability evaluation
Land suitability evaluation was conducted in order to interpret the combination of land suitability classes. The evaluation process will determine whether certain land types of abandoned tin-mining areas are recommended for food, vegetable, fruit, industrial, spice and medicinal, forestry, and forage crops.
Results and Discussion
Climate
The annual average rainfall in the study area was 2,406 mm. 
Abandoned tin-mining soils assessed
The abandoned tin-mining areas used in this study are shown in Table 1 . 
Physical properties
Physical properties of abandoned tin-mining soils from Bangka Island, Indonesia, are shown in Table 2 . As shown in Table 2 , agricultural area has sandy clay loam textural class; mixture of sand tailing and overburden with vegetation has sandy loam textural class, and other abandoned tin-mining areas have loamy sand textural classes.
Composition of tin tailings dominated by sand fraction has implications on other properties. Brady and Weil (1996) stated that the high percentage of sand particles implies a low specific surface area of the tailings, and thus a low aggregation and capacity for binding nutrients and retaining water. 
Chemical properties
Chemical properties of abandoned tin-mining areas are shown in Table 3 . It can be seen from Table 3 that the pH of abandoned tin-mining soils are very strong acid according to the classification of soil reactions. The organic matter and nitrogen of agricultural soil is higher compared to sand tailing and overburden, or its mixture. It could be understood since the physical characteristics, especially soil texture, will affect their chemical characteristics. Sand tailings are highly porous and have a very low organic (Ang, 2002; Asmarhansyah, 2016a) . The content of P 2 O 5 , K 2 O, and exchangeable bases of sand tailing and overburden are classified as very low to low. Table 4 . Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient retention (CEC, BS, pH, Organic C), na = nutrient availability (N, P, K) Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient retention (CEC, BS, pH, Organic C), na = nutrient availability (N, P, K) Suitability Ratings: S1= Highly suitable, S2 = Moderately suitable, S3= Marginally suitable, N = Not suitable. Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient retention (CEC, BS, pH, Organic C), na = nutrient availability (N, P, K) (Table 9 ). The forest crops and forage crops were considered as marginally suitable (S3) in abandoned tinmining areas (Tables 10 and 11 ). Suitability Ratings: S1= Highly suitable, S2 = Moderately suitable, S3= Marginally suitable, N = Not suitable. Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient retention (CEC, BS, pH, Organic C), na = nutrient availability (N, P, K) Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient retention (CEC, BS, pH, Organic C), na = nutrient availability (N, P, K) Suitability Ratings: S1= Highly suitable, S2 = Moderately suitable, S3= Marginally suitable, N = Not suitable. Limitations: tc = temperature, wa = water availability (precipitation, RH), rc = rooting media (texture), nr = nutrient retention (CEC, BS, pH, Organic C), na = nutrient availability (N, P, K)
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Potential suitability of different abandoned tinmining soils
Based on the current limitations and suitability ratings of the abandoned tin-mining areas grown to food, vegetable, fruit, industrial, spice and medicinal, forest, and forage crops, these abandoned tin-mining areas were individually reassessed with the assumption that soil management technologies and practices being offered for each of the abandoned tin-mining areas were implemented. 
Integrated farming system in abandoned tinmining areas
Based on land evaluation, most crops developed in abandoned tin-mining areas were categorized as marginally suitable (S3); some were moderately suitable (S2). This indicates that abandoned tinmining areas are not an ideal growth medium because of poor soil physical and chemical properties. For agricultural development, the soil physical and chemical properties of abandoned tin mining must be improved through integrated farming system (IFS). IFS itself uses internal input that combines crop and livestock. In the IFS, the biomass produced can directly be used as materials for organic fertilizer and it can also be used as feed for ruminant. The manure from the ruminant can then be used as organic fertilizer materials. It means that the system can then improve the quality of abandoned tin-mining soils, reduce the use of chemical fertilizers (Gupta et al., 2012) . Based on potential suitability, IFS in abandoned tin-mining areas is divided into three types, namely: Type A, Type B, and Type C (Table 12) .Type A is a group of (1) sand tailing, (2) sand tailing with vegetation, and (3) mixture of sand tailing and overburden. Type B is a mixture of sand tailing and overburden with vegetation. Type C is a group of (1) Sand tailing from unconventional mining and (2) Overburden from unconventional mining. The lands of Type A will be dominated by tree crops; Type B will be dominated by fruit crops, legume cover crops, and vegetable crops; and Type C will be dominated by both tree and fruit crops.
Conclusion
Abandoned tin-mining lands have low soil fertility status as indicated by domination of sand fraction and low soil pH, organic carbon, cation exchange capacity, and essential macro nutrients. Evaluation results showed that in general food crops, vegetable crops, fruit crops, and industrial crops were consider as not suitable (N). The water availability, soil texture and low soil fertility were considered as the limiting factors of all crops to get optimum production. In general, spice and medicinal crops [pepper (Piper nigrum L.) and citronella (Andropogoh nardus L. Rendle)] were consider as not suitable (N).The forest crops and forage crops were considered as marginally suitable (S3) in abandoned tin-mining areas.For agricultural development, the soil physical and chemical properties of abandoned tin-mining land must be improved through integrated farming system (IFS). Based on potential suitability, IFS in abandoned tin-mining areas are divided into three types. Type A is a group of (1) sand tailing, (2) sand tailing with vegetation, and (3) mixture of sand tailing and overburden. Type B is a mixture of sand tailing and overburden with vegetation. Type C is a group of (1) Sand tailing from unconventional mining and (2) Overburden from unconventional mining.
